Objective: The aim of this study was to investigate the construct validity of 6 physical performance tests that had already been shown to have acceptable repeatability. Design: Data were collected in a randomized controlled multi-centre study. Subjects: 126 women and 105 men sick-listed for spinal pain carried out the tests and provided personal and background data at inclusion in the study. Methods: One test measured stepping up onto and down from a stool, 2 measured lifting ability and 3 walking speed. Construct validity was examined by analysing the influence of some variables on test performance. Results: High-rated pain behaviour and perceived high pain intensity during testing or during the previous 4 weeks were connected with low test performance. Exercise twice a week was connected with high test performance. The test with the highest ability to detect disability in the women with lumbar pain was a lumbar lifting test, while for the men, it was a cervical lifting test. The test with the highest ability to detect disability in the participants with neck pain was the cervical lifting test in addition to a gait test with burden for the women. Conclusion: Back pain hampered the test performance more than neck pain. Impairments and activity limitations expressed by the patient should guide the choice of test.
INTRODUCTION
Spinal pain is the most common cause of long-term sick leave in Sweden (1) and is an increasing problem in the Western world. The 1-year prevalence of spinal pain has been reported to be around 66% in Sweden (2) and that of low back pain around 50% in the Netherlands (3). The lifetime prevalence for low back pain has been reported to be around 60% in Japan (4) and 84% in Canada (5) , while the lifetime prevalence for neck pain in Canada has been reported as 67% (6) . Physiotherapists are often involved in the rehabilitation of persons with long-term back or neck pain. They are expected to assess these persons' disability level, define their problems, plan interventions jointly with the patients and evaluate their progress during and after the interventions (7) . Disability can be classified as impairment, activity limitation or participation restriction, according to the WHO classification (8) . Opinions differ regarding the relative clinical importance of questionnaires and of "objective" tests for disability due to spinal pain. In agreement with Simmonds et al. (9) , Hoeymans et al. (10) and Waddell et al. (11) , we argue for the use of physical performance tests as complementary to patient self-reports as rated in questionnaires. There is to our knowledge, and as Riddle & Stratford stated in 1998 (12) , still no single golden standard measure for assessing disability. It thus seems valuable to seek information concerning possible clinical assessment instruments as contributions to a future "assessment instrument bank" for physiotherapists.
Studies of the clinimetric properties of test packages including physical performance tests have earlier been conducted by Simmonds et al. (9) and Harding et al. (13) . The present tests, originally 11 in number, were assembled for clinical use for evaluating disability due to back or neck pain at impairment level and at activity limitation level according to the WHO classification (8) . They were chosen to supplement self-rated questionnaires in a national randomized, controlled, multicentre study from which the current data were obtained (14) .
Discriminative ability establishes one aspect of construct validity, i.e. how far a test measures what it is intended to on the basis of a theoretical framework. Clinically relevant distinctions in test performance, i.e. "cut-off values", between persons with neck or back pain and back-healthy persons were revealed for all 11 tests but 2 by calculation of sensitivity/specificity (15) .
The present aim was to investigate the construct validity, as expressed in our hypotheses below, of the 6 tests shown to have acceptable reliability (16) in the current test package.
Hypotheses
. Pain site was hypothesized to be related to performance of the different tests. The lumbar lifting test, the stair-climbing test and the step-on-stool test were assumed to be more difficult for persons with back pain. The cervical lifting test and the walking test carrying a burden were assumed to be more difficult for persons with neck pain. The ordinary walking test was assumed to be equally difficult regardless of pain site. . A lower overall performance was assumed when pain behaviour and pain intensity were high, when the participant had pain from more than 1 pain site, and when prolonged pain duration and sick leave were present. . A higher overall performance was assumed for persons who exercised regularly. . The exertion level during tests was assumed to possibly be related to either low performance or high performance.
MATERIAL AND METHODS
Two hundred and thirty-five persons participating in a randomized, controlled multi-centre study were included (14) . They were identified from the AGS insurance register, which is a sick and disability pension insurance scheme agreed between the Swedish Employer's Confederation (SAF) and the Swedish Trade Union Confederation (LO) and which covers 2.5 million employees in Sweden. The inclusion criteria were spinal pain, sick leave for between 1 month and 6 months for spinal pain, fluency in Swedish and age between 18 and 60 years. The participants were all considered to be suitable for a rehabilitation programme with a cognitive-behavioural approach, including physical exercise, according to a physician. Exclusion criteria were pregnancy, co-morbidity that could affect participation or results, involvement of nerve roots indicating surgical treatment, trauma resulting in verified fracture within the previous 6 months, and recent participation (<3 months) in a rehabilitation programme. The study was approved by the Regional Research Ethical Committe, Karolinska Institutet, Stockholm, Sweden.
Measurements
The participants were asked to provide personal and background data.
They were examined by a physician according to a standardized status formula, including medical history taking, neurological examination and range of motion. Sick-leave data were obtained from the Swedish National Social Insurance Board.
Questionnaires
The participants answered a battery of questionnaires designed to cover the multidimensional problems often associated with long-term spinal pain. The questionnaires used in the present study were the Short-Form 36 (SF-36) (16) and a questionnaire about exercise habits during leisure time (frequency and intensity), modified from Engström et al. (18) .
Physical performance tests
The tests were assembled by a group of physiotherapists employed in a rehabilitation company in Sweden, who were all experienced in rehabilitation of patients with musculoskeletal pain. All participants but 4 performed the 11 tests on inclusion in the randomized study. The 6 tests which had acceptable reliability (16) were:
. Muscular endurance in the lower extremity, the "step-on-stool test".
The person tested was asked to step up onto and down from a stool at a self-selected speed. The step height was 0.40 metres for women, 0.44 metres for men. The number of steps managed was recorded. The measurements were discontinued after 50 steps. The tests were discontinued if the heart rate reached 85% of the estimated maximal level, adjusted for age. It was considered important to include lifting tests because many people report difficulties with lifting tasks. The PILE tests were chosen because they were well described and reproducible, and because they had showed sensitivity to change by Mayer et al. (19, 20) .
Test procedure
The 11 tests were arranged to be performed consecutively without pausing (Table I ). The subjects wore exercise clothing. The test leader asked them to try their hardest, but to take pain and fatigue into account. It was emphasized that they could discontinue at any time or decline a test completely. During the testing, the test leader gave any verbal instructions needed to standardize the test procedure, but did not encourage or distract the subjects in any way. After each test, the participants were asked to rate their pain intensity during the test on Borg's Category Ratio Scale, CR10 Scale, scales from 0 to 11, and the exertion they perceived during the test on Borg's Ratings of Perceived Exertion Scale, RPE Scale, scales from 6 to 20 (21) After completion of the test package, the participant's pain behaviour was rated on the University of Alabama Pain Behavior Scale, UAB Scale, scales from 0 to 10 (22) , by the physiotherapist in charge.
Statistical methods
For the analyses we used the SPSS program (23) . Only the 6 tests shown to have acceptable reliability were included in the analyses. Sensitivity and specificity calculations were performed for the stairclimbing test for cut-off values between persons with spinal pain and "back-healthy" persons.
For our first hypothesis, Mann Whitney U tests were used for analysing differences between groups fulfilling conditions, in this case, having neck pain as main complaint or back pain as main complaint, as shown on a pain drawing (24) . Additional analyses were made for persons with neck pain only, lumbar pain only, combined pain in the neck and the back, and multiple pain sites.
For our second hypothesis, we used Mann Whitney U tests to detect differences between groups fulfilling/not fulfilling the following criteria; pain behaviour rated as >3 on the UAB Scale (22) by the physiotherapist after conclusion of the tests, self-rated pain intensity on Borg's CR10 (21) more than "rather severe" (>4) during a particular test, pain intensity during the previous four weeks rated as "severe" or "very severe" (>4 on a 1-6 scale) on SF-36 (17) , pain duration exceeding 3 Stair-climbing test months for the current pain condition, sick leave exceeding 3 months, and pain from more than one site, as shown on a pain drawing (24) . For our third hypothesis, the criterion used was reported exercise at least twice a week with at least moderate intensity, defined as talking to someone being still tolerably possible while exercising (18) .
For the fourth hypothesis, perceived exertion rated as at least "heavy" (!15) on Borg's RPE scale (21) was the criterion used.
The Mann Whitney U tests were performed first with all subjects included, and, secondly, with women and men separately. The significance levels were adjusted by Bonferroni corrections (25) ; a pvalue of at most 0.016 for neck/lumbar pain, 0.006 for the ratings on CR10, RPE and UAB, and 0.003 for the remaining variables examined (sick leave, pain duration, >1 pain site, pain intensity according to SF-36, exercise level) were considered significant at the 5% level.
Regression analyses were used to further analyse the effect of the background factors on performance. Pain site, rated pain intensity on SF-36, pain duration, duration of sick leave and stated physical activity in leisure time were independent variables. The SF-36 ratings were turned into dummy variables to fit in the regression model, as described by Devore & Peck (26) . Dummies were likewise used for pain site (neck pain as main complaint vs other pain sites, multiple pain sites vs one single pain site), sick leave, and for reported physical activity. Gender was included as a dummy variable to control for the known differences in performance for the lifting tests and for the step-on-stool test. Age was included to control for age-related differences. Due to the non-linear relation between age and the test measurements, age was turned into a dummy variable too. The test measurements were used as dependent variables.
Ordinal regression, backward method, a variation of logistic regression (27) , was used for the step-on-stool test and the gait test with burden, due to distribution of data. Multiple regression, backward method, was used for the other dependent variables. All independent variables with a p-value of 0.1 or less were included in the final model.
RESULTS
Demographic and background data for the test participants are presented in Table II . The calculations of sensitivity and specificity revealed a stair-climbing speed of 0.29 m/s as the relevant cut-off point for persons with neck or back pain vs back-healthy persons.
Pain site
The measurements differed significantly for all tests except the cervical lifting test between participants with neck pain as their 1 IQR = Inter-quartile range, i.e. the numerical difference between the first and the third quartile, the appropriate distribution measure for data not normally distributed.
2 Cut-off values are given for each test, representing earlier shown best cut-off values for distinguishing between persons with spinal pain and those without (15) . 3 Cut-off value based on sensitivity and specificity calculations in the present study. 4 p-values according to the Mann Whitney U tests, values <0.016 shown in bold italics.
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Physical performance testsmain complaint and those with their main complaint in the lumbar spine. For all those tests, the participants with mainly neck pain performed significantly better than those with mainly lumbar pain, women and men considered together (Table III) . Their performance, as expressed in median values, in some tests reached the cut-off value distinguishing "patients" from "backhealthy persons" derived from the sensitivity/specificity figures presented in our earlier study (15) . However, when considering individuals, at most 57% reached these cut-off values (data not shown). Women with neck pain had most problems with the gait test with burden and the cervical lifting test, while the women with lumbar pain had most problems with the lumbar lifting test. For the men, the cervical lifting test was most challenging for both pain sites.
Additional Mann Whitney U analyses
Persons with lumbar pain only (n = 56, 33 men and 23 women), had significantly lower performance on the step-on-stool test, the gait test and the stair-climbing test compared with persons with neck pain only (n = 34, 16 men and 18 women). Persons with neck pain only had significantly lower performance on the cervical lifting test. Median values for persons with neck pain only were slightly higher for the step-on-stool test and the gait tests than those for persons with neck pain as their main complaint. On the lumbar lifting test, the persons with neck pain only had a slightly lower capacity than persons with neck pain as their main complaint, whereas in the cervical lifting test, the women with lumbar pain only reached the cut-off value distinguishing women with spinal pain from those without (15) .
Neither persons who had combined pain in the neck and the back nor persons having multiple pain sites performed significantly different from others.
Other variables hypothesized to have significant effects on test measurements
For participants rated as showing relatively high pain behaviour (>3 on the UAB Scale), the measurements were significantly lower in all tests, women and men considered together, while for rated pain intensity more than "rather strong" on the CR10 Scale, this was true for all tests but the gait test.
The women rating perceived exertion during testing as at least "heavy" on the RPE Scale had significantly slower walking speeds for all 3 gait tests, while the men managed more weight in both lifting tests (Table IV) . Participants with more than one pain site (n = 141, 56 men and 85 women) did not perform significantly worse than others.
The women that had rated their pain intensity on SF-36 (n = 146, 65 men, 81 women) during the previous 4 weeks as "severe" or "very severe", had significantly poorer performance on the step-on-stool test and in lumbar and cervical lifting, while the men showed no significantly different performance.
The participants with duration of pain (n = 211, 95 men, 116 women) or sick leave (n = 183, 86 men, 97 women) exceeding 3 months performed comparably to the others on all tests.
The participants who reported exercise at least twice a week (n = 99, 40 men, 59 women) with at least moderate intensity managed significantly more steps on the step-on-stool test.
Regression analyses
The regression analyses revealed background factors explaining 11-27% (= adjusted R 2 for the multiple regressions and Nagelkerkes pseudo R 2 for the ordinal regressions) of the variation in the measurements. The highest explanation figures were revealed for the lifting tests (Table V) . Age, gender and neck pain as main complaint had most impact on test performance. Test performance was generally positively affected by young age (<45 years), but in the cervical lifting test, persons aged between 32 and 38 performed better than both younger and older persons. Being a woman negatively affected performance in 4 of the tests. Having neck pain as main complaint compared to having other pain sites as main complaints negatively affected measurements on the cervical lifting test, but positively affected all other test results.
A rating of a minimum of severe pain intensity on the SF-36 questionnaire, compared to at most moderate pain intensity, negatively affected measurements on the step-on-stool test, the gait test with burden and the lumbar lifting test. Sick leave more than 4 months had a positive effect on test measurements for the step-on-stool test, and sick leave for 6 months had a positive effect on the ordinary gait test. The only background factor included in the regressions but without significant influence on the measurements was pain duration.
DISCUSSION
Construct validity has been defined by Angoff (28) as reciprocal verification of the measuring instrument and the theory underlying the phenomenon it is meant to measure. The construct validity of an instrument or a test must be demonstrated within a particular theoretical context, as stated by Sim & Arnell (29) . When constructing an instrument or a test, one naturally has ideas concerning what kind of data it should produce, and how these data should be interpreted. We decided to use each test for each person, regardless of main pain site, due to our clinical experience that pain in one area often affects other areas, too. Nevertheless, we believed the tests would be able to discriminate to some extent between persons with different pain sites. Our hypothesis was essentially confirmed in that the participants with predominantly neck pain had significantly higher stairclimbing speed and performed significantly more in the step-onstool test than those with lumbar pain as their main complaint. The participants with neck pain as their main complaint also had less lifting ability from waist to shoulder than those with predominantly lumbar pain, although not significantly less.
What we did not expect was that the neck-pain participants would have significantly higher walking speed on level ground, without as well as with burden (Table III) . The relationship between low-back pain and slow walking speed has, however, been described earlier by Cheng et al. (30) and Arendt-Nielsen et al. (31) .
Even if these results suggest the performance tests to be less discriminative for neck pain than for lumbar pain, neck pain did affect the test measurements for many participants. The inter quartile ranges presented in Table III clearly show the great variation in test results. The finding that low-back pain affects physical function more than does cervical pain has been described earlier by Jette & Jette (32) and Toomey et al. (33) .
The analyses of differences in test performance between Step-on-stool test (20%)
persons with neck pain only and persons with lumbar pain only were done for checking tendencies, and should be interpreted with some cautiousness due to the limited sample size. The tendencies, however, were in the expected direction, that is, persons with lumbar pain only had lower performance on all tests but the cervical lifting test, on which persons with neck pain only had significantly lower performance. The main pain site, thus, seemed to be adequate for predicting the test performances in our sample.
Pain behaviour rated as more than "3" on the UAB Scale turned out to be connected with a low test performance. As can be seen in Table IV , the ratings of pain behaviour exceeded 3 points for only 35 persons, and the median value, as well as the mean, was 2.0. In an earlier Swedish study by Lindström and coworkers, the mean value for 49 persons sick-listed for low back pain participating in a rehabilitation programme was 2.3 (34), which supports our UAB ratings being as high as could be expected in this kind of sample. The finding that pain behaviour was related to physical performance is in accordance with earlier studies by Fishbain et al. (35) and Hirsch et al. (36) , and is not surprising from a clinical point of view.
Regarding rated pain intensity during testing, the results showed that women who rated pain intensity as more than "rather strong" had significantly lower performance on most tests, and men on the step-on-stool test and the PILE lumbar test. A study by Solem-Bertoft et al. (37) showed a strong association between pain rating on Borg's CR10 scale (21) and disability as measured by physical performance tests in people with a humerus fracture. Kuukkanen & Mälkiä (38) showed in a controlled treatment study of 90 persons with chronic low back pain that muscular endurance was lower in subjects with high pain intensity (Borg >4) during testing.
High perceived exertion was assumed to possibly be related to either low performance or high performance: if a test was overwhelmingly physically demanding for a participant, performance was assumed to be low and perceived exertion high; if, on the other hand, a participant was capable of a good performance on a physical demanding test, perceived exertion was assumed to be high connected with a high test result. High-rated perceived exertion had, as hypothesized, a positive relationship to performance in the more physically demanding lifting tests for men. Jacobs and co-workers have earlier noted that subjects managing many lifts are more likely to perceive high exertion (39) . In a study by Dedering et al. (40) , perceived exertion correlated positively to endurance time in the Sörensen test (41) for "back-healthy" persons. For the gait tests, high perceived exertion, instead, associated negatively to speed, indicating that for persons experiencing even a "simple" gait test as physically demanding, the speed was lowered. We conclude that ratings of perceived exertion could contribute to the overall understanding of the test participants -they reveal information about a person's motivation and overall energy.
From our data, we could not state a causal relationship between these ratings and test performance. The interrelations between rated pain behaviour, self-rated pain intensity and perceived exertion on one hand and performance on the other need further investigation.
Concerning pain duration, the absence of effect on performance could be because most participants' pain had persisted for at least 3 months. A lack of relationship between pain duration and other illness characteristics has been described by Toomey et al. (33) , even though findings of a positive relationship would clinically seem more logical.
The hypothesis that participants with sick leave exceeding 3 months would perform worse was not confirmed. On the contrary, participants on sick leave for more than 4 months performed better on the step-on-stool test, and participants sicklisted for more than 6 months performed better on the gait tests on plain ground. One explanation might be an acquired coping ability learned from the protracted spinal pain -these people could have learned to cope, realizing that they could be active despite their pain. Sick leave is a composite variable, affected by many factors inside and outside the individual.
Since the variation explained by the independent variables in the regression models was only between 11 and 27%, other factors must have been involved. Our interpretation is that the individual's real physical capacity in combination with experienced pain intensity and exertion, and rated pain behaviour are among these factors.
Our theoretical framework, leading to the construction of the current test package, was essentially confirmed. However, the hypotheses concerning the effects of multiple pain sites, pain duration and duration of sick leave were not confirmed.
The interpretations of the Mann Whitney U tests together with the regression analyses are summarized as follows:
. Lumbar pain hampered performance on the physical performance tests more than neck pain did. This was confirmed in the regression analyses, where neck pain as the main problem negatively affected performance on the cervical lifting test, but positively affected all other tests compared with other main problem sites. . High-rated pain behaviour was connected with low performance. . High ratings of pain intensity during testing were connected with low performance in most tests. . Pain intensity ratings on SF-36 >4 on a 1-6 scale were for women associated with low performance on the more physically demanding tests: the step-on-stool test and the 2 lifting tests. Regression analyses showed that high ratings on SF-36 also affected the gait test with burden. . Those who exercised at least twice a week performed significantly better on the step-on-stool test. . Sick leave for more than 3 months did not affect performance negatively, but on the contrary affected some tests positively. . Most of the variability in our measurements could not be explained by the background factors analysed in the regression analyses.
When assessing body functions and activities for people with long-term spinal pain, all the tests proposed here seem to be useful. The test with the highest ability to detect a low performance for the participants with neck pain was the cervical lifting test, and in addition the gait test with burden for the women. The test with the highest ability to detect a low performance for the women with lumbar pain was the lumbar lifting test, while for the men, it was the cervical lifting test. Impairments and activity limitations expressed by the patient should guide the choice of test.
